In multi-layered solids, an acoustic wave is partially reflected and partially transmitted at boundaries, which renders a too complex wave pattern to be predicted with analytical models. A Finite Element Method (FEM) based numerical model is developed to predict the acoustic wave propagation in multi-layered solids, where an ANSYS acoustic fluid element is adopted to solve this problem. The model is applied to study the pump-probe transient reflectivity measurements on Heat Assisted Magnetic Recording (HAMR) media, where the thermo-elastic waves are isolated and then subtracted from the composite reflectivity change measurement. As a result, the reflectivity change caused by the thermal decay is separated from the thermo-elastic waves, allowing a more accurate prediction and measurement of the thermal properties of HAMR media.
INTRODUCTION
A sudden thermal exposure to a laser pulse generates a transient thermo-elastic surface expansion-contraction. Since atoms of a solid are bound elastically, this transient surface expansion-contraction results in a thermo-elastic stress / strain wave, which propagates through the whole solid at the speed of sound. This acoustic wave propagation is generally applied in pulse-echo ultra-sonic measurement for thickness metrology to characterize multi-layer structures.
The acoustic impedance (Z) of a material, which affects the acoustic wave propagation, is defined as the product of density (ρ) and acoustic velocity (c) of that material, i.e., Z c ρ = . The governing equation for acoustic wave propagation is derived from acoustic Hooke's law and Newton's law:
where P is the pressure. In multi-layered solids, bonded layers may have different impedance. The acoustic waves are partially reflected and partially transmitted at boundaries where the acoustic impedance changes. This is commonly referred to as impedance mismatch. Enforcing continuous particle velocity and local particle pressures across the boundary between materials, the fractions of the incident-wave intensity are [1] :
where R Pre and T Pre denote the reflection and transmission coefficients for pressure, respectively.
FEM MODELING OF ACOUSTIC WAVE PROPAGATION IN LAYERED SOLIDS
With a large number of layers, an acoustic wave propagates by splitting and re-merging at each layer interface, which renders a too complex wave pattern to be predicted with analytical models. A Finite Element Method (FEM) based numerical model is developed to predict the acoustic wave propagation in multi-layered solids. This model adopts the ANSYS acoustic fluid element (FLUID 29), which was originally designed to solve the acoustical fluid-structure interaction problems [2] . The fluid element is assumed to be compressible, inviscid with no mean flow, same as the solid material.
The governing equation used in ANSYS acoustic analysis is the traditional acoustic wave equation:
where i is the index of each layer. Equation ( In order to keep the travel time constant inside each layer, the layer thickness h i ′ is modified accordingly to compensate for the acoustic speed change: 
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Laser pump-probe transient reflectivity measurements are conducted on Heat Assisted Magnetic Recording (HAMR) media, where femto-second surface transient reflectivity is measured in order to characterize the thermal conductivities [3] . However, thermal decay induced reflectivity change usually is contaminated with the thermo-elastic waves. The acoustic wave propagation model can be readily used to isolate the thermalelastic sources. 
Pump-probe measurement on HAMR disk samples
Two multi-layered HAMR disk samples, with different heat sink material (Au and Al), have been studied. The top surface is a free end, i.e., 100% reflection with inversion (Z 0 = 0). The thickness of the substrate is much larger compared to h, thereby the acoustic wave transmitted into the substrate is omitted. This is obtained by assigning the bottom of the finite thick (h 3 = c) glass substrate an impedance of 1 (ANSYS: SF, all, impd, 1; MP, mu, 1, 1) ; c can be of any value.
As shown in Fig. 1(a) , the disk surface transient temperature, represented by the surface reflectivity, gradually decayed with time after being heated by a laser pulse. The relaxation times of the temperature-induced reflectivity are similar for both samples. However, thermo-elastic acoustic waves induced by the laser pulse also show up as reflectivity change. It is noted that for the sample with Au heat sink, the acoustic waves appear periodically and superposed on the thermal decay. However, for the sample with Al heat sink, the acoustic waves do not show a clear periodicity, thereby is hard to be separated from the temperature induced reflectivity change.
FEM solutions
Since the pump-probe measurement is based on the surface displacement induced reflectivity change, it is necessary to extract the displacements from the model output. Assuming a harmonic plane wave traveling towards positive x, it is noted that the overpressure and condensation are in phase, and lead the displacement by 90° for a wave traveling towards +x, but lag by 90° for a wave in the opposite direction, which leads to
where R Dis and T Dis denote the displacement reflection and transmission coefficients, respectively. In order to directly apply the pressure based FEM model to obtain the surface displacement, equivalent impedances are applied as follows:
As shown in Fig. 1(b) , by applying the FEM acoustic wave propagation model, normalized surface displacements induced by the thermo-elastic waves are extracted for HAMR disk samples. It is confirmed from the model that for the Al substrate, the period of the acoustic wave is much shorter. The thermo-elastic waves are then subtracted from the composite reflectivity change. As a result, the reflectivity changes caused by the thermal decay are separated from the thermo-elastic waves, allowing an accurate predictio of the thermal properties of HAMR media. 
CONCLUSION
A FEM acoustic model is developed to predict the pressure and displacement propagation of elastic acoustic wave. The model is successfully applied to the pump-probe transient reflectivity measurements on HAMR media, where the thermoelastic waves are isolated and subtracted from the composite reflectivity change measurement.
